Background and Purpose-To prevent new cardiovascular events after stroke, prescribed preventive drugs should be used continuously. This study measures persistent use of preventive drugs after stroke and identifies factors associated with persistence. Methods-A 1-year cohort (21 077 survivors) from Riks-Stroke, the Swedish Stroke Register, was linked to the Swedish Prescribed Drug Register. Results-The proportion of patients who were persistent users of drugs prescribed at discharge from hospital declined progressively over the first 2 years to reach 74.2% for antihypertensive drugs, 56.1% for statins, 63.7% for antiplatelet drugs, and 45.0% for warfarin. For most drugs, advanced age, comorbidity, good self-perceived health, absence of low mood, acute treatment in a stroke unit, and institutional living at follow-up were independently associated with persistent medication use. Conclusion-Persistent secondary prevention treatment declines rapidly during the first 2 years after stroke, particularly for statins and warfarin. Effective interventions to improve persistent secondary prevention after stroke need to be developed. (Stroke. 2010;41:397-401.)
T he available evidence suggests that nonadherence to secondary prevention medication prescribed after stroke is a major clinical problem. [1] [2] [3] [4] [5] [6] Improved medication persistence would be a key target in secondary prevention strategies. In the present study, long-term medication persistence has been followed by linking RiksStroke, the Swedish Stroke Register, with the Swedish Prescribed Drug Register that covers all prescribed drugs dispensed at Swedish pharmacies. This circumvents the problem of incorrect self-reporting of medication. The objective of the study was to measure persistent medication during the first 2 years after stroke and to identify patient characteristics and factors related to stroke services that may affect persistence.
Subjects and Methods
This prospective observational study was based on a 1-year cohort (September 1, 2005-August 31, 2006) from Riks-Stroke, the Swedish Stroke Register. The register includes all hospitals admitting patients with acute stroke in Sweden, and validation studies have shown that the register covers 80% to 90% of all acute stroke events (detailed information on Riks-Stroke is available at http://www.riks-stroke.org).
We used Riks-Stroke data on antihypertensive drugs, statins, antiplatelet agents, and warfarin at discharge from hospital and information from a 3-month questionnaire follow-up (response rate, 87.6%) on patient-reported processes and outcomes. The use of antihypertensive drugs was followed-up in all stroke patients, whereas persistence in using statins and antiplatelet agents was analyzed in patients with ischemic stroke only. The use of warfarin was studied in ischemic stroke patients with atrial fibrillation.
Using individual social security numbers, Riks-Stroke data were linked with the Prescribed Drug Register at the National Board of Health and Welfare. The register includes all prescriptions dispensed in Swedish pharmacies. To cover a 24-month follow-up of all patients, filled prescriptions between July 1, 2005 and October 31, 2008 were included in the study.
A persistent medication user was defined as a patient who had purchased the drug at a pharmacy at least once during each 4-month interval after hospital discharge. The 4-month delineation is based on the fact that in Sweden, for a drug to be subsidized by the state, each filling cannot exceed what is estimated to be used during a maximum of 3 months; in this study, we allowed for an additional 1-month interval between dispensations of the drug.
Multiple logistic regression with stepwise backward variable removal (PϾ0.10 as removal criterion) was performed with the SPSS software (version 16.0.2) to test for association between persistence at 24 months after stroke, and factors are shown in Table 2 . Explanatory variables were included as categorical variables, with missing values used as an independent category (data not reported).
All analyses were performed in agreement with privacy legislation in Sweden. The project was approved by the Ethics committee at Umeå University.
Results
Between September 1, 2005 and August 30, 2006, 24 024 stroke patients were included in Riks-Stroke, of whom 21 077 were discharged alive. The mean age was 75.2 years (SD, 11.7). There were more men than women (51.5% vs 48.5%), and 23.6% of the patients had a previous stroke. Cerebral hemorrhage contributed to 9.5% of the stroke events; 86.5% were ischemic strokes and 4.0% were undefined strokes.
Among patients in whom treatment with secondary preventive drugs was prescribed at discharge, the propor- Figure) . At 2 years, the rates had decreased to 74.2% for antihypertensives and 45.0% for warfarin, with intermediate proportions for statins and antiplatelet drugs. The persistence rates were very similar for different types of antihypertensive drugs ( Figure B) . Patients prescribed aspirin were still using treatment 2 years after stroke more often than patients prescribed other antiplatelet drugs ( Figure C) . In the multiple logistic regression model, institutional living was the variable most strongly correlated with persistent drug use ( Table 2) ; it was associated with an increased odds of persistent use of antihypertensives (PϽ0.001), antiplatelet agents, and statins (PϽ0.001), but it was associated with an reduced odds of persistent warfarin use (Pϭ0.004). Other factors that were independently associated with high persistence of one or several of the secondary prevention drugs included female gender, a history of previous stroke, comorbidity (diabetes, atrial fibrillation), stroke unit care, and support by next-of-kin. Advanced age was associated with high persistence of antiplatelet drugs but low persistence of warfarin (Table  2) . Poor self-perceived general health and low mood tended to reduce the chance of being a persistent medication user.
Discussion
In this nationwide follow-up study, only between 74% and 45% of the patients discharged with a specific preventive drug were still regularly using the drug 2 years after stroke. Not only patient characteristics but also aspects of stroke services were associated with persistence rates; this included stroke unit care, institutional living at follow-up, and support by next-of-kin.
Previous studies of patients remaining on long-term secondary drug treatment after stroke have shown highly varying results. Different definitions of persistence and different follow-up times contribute to the variations. Studies of self-reported drug use 1, 2, 5, 7 are associated with a risk of overestimation of persistence. Cross-sectional studies, such as the recently published study based on the Swedish Prescribed Drug Register, 6 do not take into account whether medication is continuous and thus give higher estimates than studies of continuous/persistent drug use. Several studies are based on data from clinical trials, which probably yield higher rates of continuation of treatment than data from clinical practice. 3, 4 The strengths of our study are that it is nationwide, based on objective measures, and reflects drug treatment in clinical practice. However, the method we used to measure drug persistence (prescription refills within fixed time periods) probably underestimates the proportion of patients who continue treatment during the follow-up period, because some patients may have accumulated pills and then not refilled the prescription within the next 4-month period.
Conclusions
Although not confirmed by well-controlled trials, it seems that well-structured secondary prevention programs may improve persistence. If such a program has been implemented, then persistence rates Ͼ90% at 12 months have been reported. 7 Our observations that more persistent medication use was seen in patients who had comorbidity (with presumed more intense medical follow-up), who had been treated in a stroke unit, who were cared for in an institution, and who had help by next-of-kin support the contention that structural interventions may promote persistent use of secondary prevention drugs. 
